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(54) METHOD AND DEVICE FOR SIMULATING TEMPERATURE CONTROL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a temperature 
control simulation method/device for obtaining a developing 
method of a temperature control algorithm and an operating 
method of the temperature control without using an actual 
furnace, by generating a temperature system simulation 
model showing a response equal to the temperature change 
in the actual furnace on a computer in the process device of 
an electric furnace, a gas furnace and a vapor furnace. 
SOLUTION: A transmission function for showing the relation 
of temperature output against heater input is obtained, and 
the temperature control simulation of a heating furnace is 
performed with the transmission function as that which a 
temperature system simulation device has. 
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*«±*5 D $ r©*<*©B$Fig 0 . 6 h t - 
©0. 4#£3K>fc0. 2^-£-r^„ ««e»tth-*JR 

©5 5»K»i/t, vimmsft (a-c^/hsws-*© 

[0058] t Lt, ^^HU^i^Sdffli *Jt«T. 
FSS*m^JS^«B#S^ ; £^:#< I, jH.><h«.*B$£3t 

*^$<-r-5. c©^j-c«, 5^-c«3i-rgfSiissm. 4 

0» C©ffl5rB$^£L/ri^ 0 
[0 05 7] S/cS^K:. fc-**£jfflWtt4H«K:. 



, u " . 

s » u - -> a > zmi t i> c: <t cciwj-r £ c £ *S& 

Sitt*. £fc CCTtt{^KI£fc©M-^-£&5£:£ 
CDM^?r«-r4>©t?&SCD-C. «fc 9 iEHCC A^Ji tiit)<D 

**. 

[ o o 5 8 ] 'Aic. zae*iJSPic*to6n-si4ti© i -o 
&c *k-fp- m<Dmfcmiamt&&$>*fc*b> #-f 

■T. #- F o- FB#©fiK^b©MB«, «Btt«3S£l, 

•2.. ■o&*)imm.i)mmf z>icib-c$>z>. *tx. ^ 
«©«io**^-ca3!i-r4fc«>«:. e3tRi«©ii*j£s 

mnta»*t*->*m\ otc^-r. n^L/cfc^tc b# 
xfbav*'* - > tt 2 %snttM 

[0059] 

[ifc2] 1 + {a • e xp (- t/a) -£ • exp 
(- t/<3) } / (8-a) 

[0 06 0] il, #-=-ha-F«©IS$e»fcT. . # 
-Fa-Ffr©BSj£»*T b £-T££. sK-Fd-F4» 
©B$5g$fcTW\ ^©sSfCJ:^***. 

[0 06 1] 

[IS3] T= (T. -T, ) x [1+ [a-exp (- 
t/a) -<3 • exp (-t/(3) }/(/3-a) ] + 
T„ 

[0 06 2] CCT, T. », &mm®.*fcJ£.Ltd%<D 

it (#~ Fj!>s#A3*ifct*yss) -c&o. ±is©5£-c*& 

jEfcfflt*. T„ £. a. &X$>6. -eor, C©T„ £ 

-Ofc&S. iK— Fa — FB#©SK®T#A#i>*§£K: 
«. T„ <»m*. T. £JttRl,"C4vS<. -r&fc-^ 

t. -t. ) ©ffl*A^< u mcmm&r&'b 

Tfctofc (^t*: T. -T» ) ©ffi*/h«*<-r4. 
[0 06 3] a, <3te\ SS<&T©^b©iI 3 

£swt**a<&*. jw±©ci**anci»ti-c. ^© 

f t -*£^5al'-^3>©^*£it*£t/&#s6. 
F7>Fh5-{T, T b iff, ££z&er£„ m 

*»fcl/t. jfe^#-F©»S#«fWc*»)JK8*©gE 



7) #53 2 0 0 2 - 1 2 4 4 8 1 

■ .. ..12.,.. ... _ 

[0 0 6 4] 03 2©^1f)#£*7 r JWbT&/t«> > 

liUy-^C^-Ti, 020 (a) (0 1 £|5H$) © 
J; *> «c«BSr*Htr'* #- hB- FB*©«fc $ (eft 

3eBae^b©sjwtt*B^t*. 020 u> ©atesri*. * 

^•5.*^. 02 0 (b) ©J^tt*? 1 ***/!-*-*. 

[0065] cc.T, t-nm&immt&mtzti. 

t)t-?Z>. 020 <b) ©«WE«:*ji»t:. t-*3Rea 
MS5[H2tJ. (K, T. L> Koi> 

■el*, h 1 tm-mzoim-?z-t)\ mmsvosmit;^ 

20 NgEfbiWOIiLrWIS-rSCiJWr*. *^dr-F» 

h 2 lu^-v— Y^mm.<onmk^.n mtt set 

[0 06 6] ^Cfc, *X>r- Ff»«tt©a'J5£$aea>6 1 

^fesjr^ft^f^i-rtit*. 02 i©ct^(cssn 

S 0 ^/c, ±3iL./c2'?©*f ; ;VW. !j<"hn-FB$© 

^jvt Lxmmvicafi. ^-fo- FB#«^©ties8(c 
30 -o^xh^mxt^ctifm^^xh^K 

[0 06 7] &tc, B#^b^'5^-^©*e*^cot,»-c 

^BJ^-So hO - FB^©^-^y-^^^«tCOU 

©^-^^m^-rs. 

( t - $MWrJj3iC£ t - $&&«I8P) *t'bR LftjW 
6, t-^e»MIS:H l©B#^b^ - 7^-^?:*est>.S 0 
(3) ^K. f^-TS*^^- FWW*5*-CJl*- hu- 
40 FB*©"?*- **«8M-fc. 

m (*^*--F«iap**c^rt**w») *j:t«i/a5&j 
t-^Gjiw^H2Rt>**^^- Yfcmmm<D*$%t 

{b^*-7^-$^Js6S. 
[0 06 8] Ji(TtC. ±gB©t-**IJSiWSIii*^^- 

402 2^-f. 02 2tctel,i-r > 03 2i|5]— *t^% 

»«»©ittK©**«iarr**s;-c** (*^-^-f^ 

so «S#©aiStt8BJ&r4Ci3&»-C***J. tO«P(c»ffiffiU 
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•5. ' 
[0 069 ] t-*WpW*C>K- hP-FL/cii*© 

ag&{b£cuv r ->©#«:ouT0 2 4«i7jvr,, 

F8&m*f ©as » < {£T l r i > £ *V bsrsjijI £ & 
icm^MCTtcouxicmmL. ssiti,^. 024ft 

*$W -2) t - fMmtto>Ug.<Dfritlijz Ltcmzm 2 5 K 

*>e.±IB©** (2 ) CCJ: <5, b - £<£jt|!{|$fcH 1 ©B# 

[0 07 0] #tc. io**- FSUfflWSttc-ot^TSiWr . 
S„ F*UfflJ^3C©SiW0 : &02 02 

3tCtel>-C4>. H3 2 <b|BJ- *f*«JfcttR— flW**f L 

-ct,>&. *^^-F*iJtap^s;{i. gS3EiaSY*i?>*^^ 

C©ll*»6t- jrJ»«*©jBK*f |l»fc««P I DffiM 20 

*miu t-d"^©asfp*i-rs. */*-jr- ymw&i 

#6. t-^Utai^^^^ttiUr^^ *X^r-F 

^*ttcsi£:^^A5«»-rs%i©JlSr. #*f-F 

[007 1 ] - FiWattrSCCsK- hO-KOfci 

#©fiS^b (CU'/->©*) £0-2 6 ttTnT. 

er- Fj»s*f©jae*«iffliiyTi^©-c. t-^w®^ 

©r. t-*«lfll*SC«kH:eor. t-*«i«»©jatt 
SEffcfcjRfcoTH*. c©J:5k:. 02 6©t-£$im 
*t©SK£{ba>6, t-*^**^©*- Fa- FtcJ; 

(1) (2) *C*H,»T. fc-*IW8ll#Se«:J:4? ! -*4 

u-c . t - ^ jse^wiSH i cummin 

[0 07 2] 026tCfcWS#**~ FS»S*|-©a&© 40 

&*wzk Ltcmzm 2 7 (c^-r. c ©a&gMb#> e.±is 

(4) tcj;»3 t-f^£aMtH2M'*^^- 
H8&©5*i. t-*3Rejtl8»H 2 ©^fJSR 

jtl!5^H2©A^~£W:-e©£$&/iU XZir-Y 
2O©f^0g»©B#a{t©>'^y-^©5(<i?)^<?:O 

r. t-^^£jg^H2-c^**^?att^t£*JiL/ 
tea. ***--FfiatHttTHRwrs*«-tff5. js so 
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SfcX-oXI,*, #at-*SMSiM»H2 4WSEl,r«> 

[0073] m&.{v*7*--$<D—m (cu'/->© 
*) 

(T. -T» ) . (a.. (8) 

(b-^fifflSiHl) 
HU_c u= 3.5. (3,3.0 1) 
HCU_cu= 12. (2. 15. 2. 16) 
HCL_cu= 6. (2. 6. 2. 6 1) 
HL_cu= 4.8,(3.5.3.51) 

[0 074] (t-*3ftej«MfeH2) 
HU_c u2= 5. (1. 1. 01) 
HCU_c u 2 = 27. (1. 7. 1. 71) 
HCL_cu2= 19. 5. (1. 3. 1. 31) 
HL_cu2= 20. 5. (1. 15, 1. 16) 

[0 07 5] {tix*-Y&&mm 

PU_cu= 0. 19. (1. 1. 0 1) 
PCU_cu= 0. 78. (1. 7. 1. 71) 
PCL_cu= 0. 83. (1. 3, 1. 31) 
PL_c u = 0. 5. ( 1 . 15, 1 . 16) 

[0 07 6] tUi©;<5y-£©^&;fricoi>Tf¥i&-r 
& 0 02 8 (a) ~ (d) iCt-Zftlffltt-COtf- Y 
a-FB#©fifl3Mb (t-£®im*t©^) <k. $CSbtd% 

-> HU_u. cu, cl, 1=[(3. 3. 0. 
1) . 3. 5, 3. 4] £&■&©«. t-2?k%mtt<D 
U>/->©(i|^iL-T)|#StiSei«(DI^<tA-7 

jt-nm, mmmnifi o. 3. 0 n -c. mtm. 

(T. -T b ) #3. 5-C. ^b^teB^*i3. 4T& 
SC£45*l/t«,>S. fflffi(BT©^t©aSS 

-en* s> KT> F h -7 ^TSfctf)*. 
[0 07 7] XXir- FWfflWsli©^-**^ 

L>. t-^^SH^[H2Ri>-*X^-F^ejiM^© 
B#^{b^-^^-^£*J?)S„ 02 9 (a) -v (d) iCiy 
YW®ffi&XW#- Y a- FB$©fiS^b 

ri^„ CC?, ruy-> HU2_u. cu, cl 
= (1, 1. 0 1) . 5, 2. 4 . PU_u. cu, 
cl, 1= (1. 1. 01), 0. 19, 2. 4 J i 
#>£©«. ±IB©fc-**W^©»£ilH85fc\ *x 

F^«*t©uv r ->©tti^j < tor»om$n-j.t-$ 
( 1 . 1. 0 1) T, ^bS (T„ -T„ ) *s5-c. a 

{bpa^ra*^. 4T*5ci^i, ste> 

(1. 1. 01) "C. ^bS (T. -T„ ) 3&J0. 19 
T?, ^b^B#r^*S2. 4-f*?>£:i£^0Tl^„ 

[0078] ^«f>%«^«. ttfetct-fseaiMaiH 

2©B^b^-7^-3/?:±IB©t-$JSfiiiiaaH 1 i 
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#©l£f b#|B]3? i fc o C C nSSMfS 7^- 

X-Jr- FJM^tt©BS£tt©ll«fb^5^ 

&„ Jjc&^tt, ±IBfc-*5R£iMWKH 1 . t-iURfi 

aw»H2iiai*-C*43W. XflMMKIUEaMKS 

A,. J3iJ©<»£{£ffll>T „ <{>U ^/c'JISUt 1 -^ 

i©tlr>Ai*4«^B. ?IKfc-*^iS§ll8&H2©B# 

«S**^±Cc*fj^- # <t-Ifc1 5C itt* 

[007 9] _ki$©:<7 y h T> K h 7 -f'^rScKfcOT 

KL,rn < . SWtB*J@8M*5BR«:#- hn-F t,fc£ * 20 
©■? s -*a>63j?«>&. ha-FHI 

^bSKtZJfflfilfc^i'' 5 » U-f a >*tT/5. B#J£»t© 

B#ra^ ^ 5 a u - 3 >-r «:«. s§teB$raa» 6 © 
*. 

[0080]^M)(C«. «*.«. H3 0 (02 9&C>tf 
)6) , S3 1 h a- K©i #©*^y- KjSS* 
^-rST*«3. H3 0ti5 0 0' C^-ha-KL-fc 
«^©*^-Jr-K«l«*f©Sfi[-C*»). H3 1»0~l 

O#£^£ifc*;Lfc0-C*£„ tf- h a- FM&lfflOU 

O^il/TU*. S3 1 «fc9»jK*^TTa*"C©B#|lll 
« [U. CU. CL. L] = [2. 4#. 2. 1 

1. 4#, 0. 8#] £*at>«E>ft£. «±©B$fflJ:«3^ 40 

[0081] ( 1 ) jK- h a- FRMtert>6©illjfiB#ra*i 
±ia-c^ii?)fcB#Kct: 0 /Jn$ (,»J»^tt. sK- h a - Fbu© 

( 2 ) jK- h a - FM*fii*»6©lijlB*ia*J±BB"C««)fc 

[008 2] %ac*K. nn^-^Ta. minma 50 
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[ a . $ ] *J j:on^S»©gE<fcJlttS!Ejas©ia 2 8 . H 2 

3*i*ea«i»**«0'c*j*). mi*. u_c i'uc 
l V- >*> e> u /- > ^©tp£ ffl^r s eitrasi!*^ 
urc^„ ±ie©wrt3:. u • cu • cl • l 

i>s„ cms, -en-en©^^^©*- h p- Ktcj: 
*©v^>©ffl#±urin*3*i*»c¥*a 
bt mm? & £ c > 5 i . rb<dhc § a> £*ii©« 

£&ffl0fcfc«> C©*ftlCj;i5. ±!3©{?!|-C« 
ftSSgBHrt 0- CJ«I*3) i<t4*S*«o 

tcfiK fc-fc^A,. •^^©^y-^Sr^a-fSiSK: 

[0 08 3] ±IB. ^{bB#^©i$stcfcur 

A« (2. 9, 3. 0) &i;4IB3&r*. ifiC^«l©7? 

a) ^AtCfti^A. ^<^L^ti^*«fli-rSC£ 

{gT*^tc^^©t*. URS©^- 3» <btbf5b^b*5jSt,i 

«SS*5fiT ^6±#(CKD S * T ©B#H <!: "T 

«2. 9 £3. Oi-TS. ) ^b»*SBEfiT©^:* S 

£-rs) . 

[0 08 4] cnh<D^M~^miy&m.& • jK-h^ 
•r. h a- KB$©as^bfefwm±-c~> 5 a u- 

i/3>ncimi. CC fttBf ^-f b©^-> - > * 
[0 08 5] «±©*JBtC <fc»3 , 032 (CTnLfcfiSMK; 

an*gts«±-c^5au-^3>-r«»c£*i-ct.2,. c 
c (cea Dft#*w. fflE^&tft^g ( 4 *y- » ©ia^ 

[0 08 6]ftfc, HI12~&1 9ttS'/->(CteWli 
^^-^©mff^-^ (»fffi+ l%tLfcJ|^) fed: 
bJf-e C *> 6 #«t> 6 n/c^T ©e^M^J^" 5 jt - 3? L/ 
ru^„|gi2, 14, 16. 18ttt-$SRtt- 

f^ejira^^-^-^^^ m 1 3. 15. 17. 19 
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t <i«@r) . l tfstsmm »r. man 
i Avz^x^nz^umn^M^xisK). 184 

* 3 KteWS r 1 8 4 J ttl3;b-^SS(»L.fc7? 
r 3 j »B3 A- ?"©>•< 7 > - £ (ciSSS-r ^ < fflfr-?-? 

[0 087] ;wc. ±fe©ag^Mi@^s«r<affl u/c 

1. 111 «> ±fe©fig^8us$sa ioo3i, 
®^ioo icoiaKiwsi-rsj'tfeccsafiisti-siasa 
> i o o 2t*tmici&m-r2>ci:x. jbias 

g3> |-o-7 1 0 0 2©|^©Sll0P*N&-e**0 5 l 0 

o i (cg^.r±i2f+@»c^s*T,fc?aa^m»^ai 
o o 3*mm±<D&±LxfflfflttMi.£?zct*-sjm< l c 

■5. T£r*>*5> aK^^fg^gi o 0 3CC«> *Pl 0 0 

i<Dfemmwum.±i%ict>tc-?x. ±j$©j:5k:, &s 

(Bt-»sci u-ciaig) sft-c«,»s. tmtttfEi*^ 

[0088] u&mmmzm 1003 <tssn>. hd- 
71002 zmm 1 0 0 4r^L, u&mm 
mgmi 0 0 3*6h> iS3>ho-7 1 0 0 2#><=> 
s« Ltcmmx * t - * xjkvfpftx&fflm 100 30 
6 -csBft ufc*s*-c* siaew«jnm u »at=i > h a 

-7l 002*»6tt, SttOfilgtlfflP&Miic:. gib 
fcjBKWiB«fflfl[i©**€>P I D8Wfc£tc<fc»)» 

fp*v*»Hji/r«flt»«iei5Bi 0 0 s^sa®-*-*. 

rt3ReaiW«l 0 0 6.{C4sC»r». ^J^-i'a^ 

<«*.«. 3 0 0 -c^trajg^) (cfcw^e^wst*! 
mmzti&tfi. -e©eaaw*«:j:-,riitasti* (aw 

a«r^ftUAJ«*) &ftWtf£Ib («*.Ht_L#) U * 40 
B. -e©B#^«t 0 ^is^ 6 4> © £ ft o fcsaSBcftjfc 

-rzimMm&w*)mz.i~>tix&mzti2>. cv&mm 

aHW«WW»*««:J:OtTt>ti*. frfc. -h»l/fc»lSfr 
©§9:S©tt*. ^H*j^*#Bt<DtttttK. — W*C $> 
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g&itomstfi'i^ t^sxc, 0»<Dfflflp&tt#— jet* 

MS?:i«t5Cifc-Ct. C©ct^^ctB^«e«38S!{ 

[o 0 8 9 3 ias3>ha-7 1 00 2 rajgflsat-ctfcm 
u/csafi^^A*-r-si«j*(c^oxi^©-c > c©*§ 
&o»WBi£i£ 1 .0 0 3 frt>mn 2 titcukmctt 

I&LfcmE£#&£3tt&AiiJ;*J|ga 1 0 0 5*. &m$k 

«ja^a i o 0 3 iias^> h a-7 1002 i©ra«: 
<o, sii^©ipi 00 1 #>e>d£<t sn-ssffiui aajfcei 

&&S1 0 0 3jfc6i£(ISft£fi£W*|g|«fciRjt.5© 
■c. HRg©iaa3> h a --5 1 0 0 2 ii, *UfflJ3t##5|5 

k©^ 1001 tuDfrmtzmmms 1003 

5 1 00 24:ffilL't^S©-C, 5 a 3 

^Atc i &u8MW<Dmmz> mrnvmrnm®* t-x 
t>*<D&&mmx'% •&„ 

[0 09 0] JW±©#J1K J; 0 , j||^©*p*«ffi-a:-r£ 
H^©iSS=J> h n-7*ffifllL//cSSSllfiP©»T : 

BjsnitssfSffli*^ — 3©t»j-c*-o-c. comn\t. 
isC>xi*> BMm$k<DJ*u--5'x&zi>'j>, mmsi 

^©Attl^^- ^ ^^ffl'Jf 1 - * cc— sw «t ^ n > f 
a - *±"C--n--7 y - 5f ^rlEI^ 0-^o*i*-Cti < ^fi6^F*> 

[009 1 ] 

[^bj<d^j*] JBLh»«i«:SHlibfcJ:i5«:. c©*9!{c 

j:tt«. se**is©sia*'ffifflb-c©*if or(,>fcjas 

*i±-c©->5 a 3 >ica^}^-sc £*i-C#.S© 

• gaamafe £'©3 x k ^ffi^ 0 . ni^c^a^Mffl 0 
/cjs^k: 3 ~6 mma±^mt cx^tc?-u-kxmnm 

[jaffl©fs$4fcs&Bjn 

[H 1 ] iBS»fs a ^3 ^^e^K^^SEBSI^-c* 

[^2] t - 3» &&mmwLttpi*j&&m%i<Dm.?t!M& 

[0 3] ta2iC^$*i^-=t7 s ^©Att*H3^?rvb 
[04] «£«Htt«DrtS*ij*-ria-C*4. 
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[07] mjE&<OZ7-v7im5 : -i>Z7fi?®~C$>Z. 
[08 ] ¥KE8t<Oxrv ( 1 

[inn mmfflfflzs 5 a g >~>x?-j»<Dmi$.m 
[Hi2] u'/->©t-ji*ejt«i**^f , -*"c 

[013] U^->©fc-^fcJ;aW3^©fli:^J£^ 

[014] cu-/->©t- : >^eji^^-rT : -^ 

[015] C LP/- >© t - £ Jftfc J: C«Frt JftOSWie 
[016] CLV^->©fc-$r»^|fflB;fcfl*-J-?*-ji 
[017] C LV— >©fc — 5? 3^*s J: ^^©fi^g 

[0i8] Ly-^ct-^e^w^^-r^-^-c 
[019] L^/->©t-^^*jj:^rtis©ii[?'je^ 
[020] ^^m^co^mm^-r-yo ? t>mnb 

[02 1] ^^^©^©^ff^J^^-r^o £0t 

[02 2] t-*WWG«©BMI!IS"r*.6. > 
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* [02 3 ] FIM)£50KllJB'Cft&. 

[02 4] fc-*W»3fc«KJ:»)sK- hP-K0fcB*© 
©K£<b*^-r0-c&5. 

[025] t - *frJ«>5£-C#- FP-K btcm<DM& 
[02 6 ] KWfflttr5£-Cije- Fn- K0/cB$© 

SS^b*^-T0-c*2>. 

[02 7 ] K3«2F3£-C/K- ha- Kt,fcB#© 

j&S^t4^0-C*S. 
10 [02 8 ] Sv^-^tCfcW-St-^fW^CCfcWS*' 
- hn- KB#©aS^fciD?^t^-7^-^^-r0-c 

[0 2 9 ] &V-l<lCi<5VfZ1}Xir- KW»**tC*JW 
h P- KB#©jS^!{biD^b^-7^-^^-r 
0-C*-5>o 

[03 0] sK- ha- KB#©*^er- KSS&S*ffi&*7S 
-r0tNfc£„ 

[03 1 ] 02 O©i£*0-C*S„ 
[03 2] fiS5?&ffc3£g (4 ©«JS«**rH 
20 -C*S. 

[03 3] «JfM^g-Cif ton & ^ a -fe *$affi© 1 
1"0-C*S„ 

[##©att?9] 

i9o-i-i9 3-4 t-*>jhfcmm$k 
i94-i~i97-4 *xir-Fm upftm) m.m 



201-1-201-16 mnm&mmm 

1002 iagn> h a— -5 

1001 jp 
30 1 0 0 5 M&JltkW. 

1 0 0 6 t - **RC«Frt3fiea»tt 
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